The transformation of agricultural production from subsistence to commercially oriented outcomes is a topical matter in the rural and socio-economic development discourse. Cassava crop is being promoted for commercialization because of its tolerance to harsh climatic conditions experienced in arid and semi-arid areas. Furthermore, there is high potential for the tuber crop to improve household income. In Kenya, a number of interventions have been directed towards commercializing cassava. The effect of commercialization on household income has not been established. Distinct from other studies, this study estimated the effect of cassava commercialization on three different income measures namely per capita, annual and per acre revenue. A household survey was conducted in Kilifi County in Kenya where 200 respondents were randomly selected. Data was collected using a structured questionnaire. A two-stage endogenous switching regression model was fitted to determine the effect of commercialization on the different income measures. The proportion of households that commercialized was 69% while the remaining 31% did not. The study found that majority of the households marketed low value-added cassava products. The results reveal that farmers who engaged in cassava commercialization enjoyed relatively more income than their counterparts. Off-farm income, age of the household head and distance to market had a negative significant influence in all the income estimates. Group membership was only significant for the per acre income while household size was negative and statistically significant in both per acre and per capita incomes. Findings point out the importance of promoting policies that will enhance cassava commercialization.
than 2 million metric tonnes of cassava per year. This overall yield has, however, not been realized because current production of cassava is predominantly on a smallholder basis mainly for home consumption. Cassava farmers with surplus production also tend to market their produce in local markets with very little value addition. Reportedly, most of the cassava produced in Kenya is used in its raw form for human consumption or as traditional processed products through fermentation, drying and cooking (Munga et al.,2012) , although, there are varied forms and uses of cassava. Several studies have been conducted on the production and improvement of cassava for food, market, and industrial uses (Muriithi & Matz, 2015; Mutuku, Olubandwa, Malin & Nyakeyo, 2013) . The studies revealed that cassava can be transformed from a 'poor man's crop' to a high value and commercial oriented crop. Also, a number of project and program interventions have been directed to the cassava sub-sector to enhance value addition and market participation in Kenya. For instance, a National Policy on the cassava industry was developed in 2007 to address challenges related to production, marketing and regulation of the industry (MOA, 2007) . The government felt that developing appropriate cassava policies could strengthen the cassava value chain hence contributing to sustainable food security, income generation and poverty mitigation. The Kenya National Federation of Agricultural Producers (KENFAP) also undertook a project on value addition and re-introduction of commercialization of cassava crops in the farm households in Kilifi County in Kenya. All these efforts have been directed at the development of the cassava industry in the country to speed up cassava commercialization.
Concept of Commercialization
Agricultural commercialization is a multidimensional concept with diverse meanings and theories (Zhou, Minde & Mtigwe, 2013) . Jaleta, Gebremedhin & Hoekstra (2009) echoed that there is no standard way of gauging the degree of household commercialization hence leading to varying definitions. Varied researchers have defined the concept of commercialization differently. However, most of the prevailing opinions point towards market orientation and participation. According to Tipraqsa and Schreinemachers (2009) , agricultural commercialization is the process by which farm households are integrated into both agricultural input and output markets as a pathway to improving household income. It is also a combination of decision-making behaviour ranging from production to marketing activities (Braun & Kennedy, 1994) . Dutta, Borua & Das, (2014) ; Kotchikpa & Wendkouni (2016) also argue that farm households are likely to engage in agricultural commercialization when they have product surplus.
In Kenya, most studies have concentrated on the agronomic management practices of cassava, specifically aimed at improving crop yield (Muriithi & Matz, 2015; Mutuku et al., 2013; Karuri, Mbugua, Karugia, Wanda & Jagwe, 2001) . These studies have revealed that cassava production is limited to a few zonal areas when compared to major crops such as maize, beans and sorghum. This state of affairs has subsequently limited marketing activities for farm households to mainly at farm gates or informal markets nearby homesteads. This notwithstanding the opportunities for value addition and varied uses of cassava products which makes it a potential crop for commercialization (Mugonola, Ajok & Ongeng, 2017; Parveen, Humaira & Ali, 2014; Adebayo et al., 2013; Sewando, 2012) .
Components of Cassava Commercialization
For cassava commercialization to be sustainable, product differentiation through value addition is paramount. Value addition increases income generated from commercialization activities. This is because marketing high value-added products contribute to a greater value of agricultural commercialization. It is evident that the concept of value addition as a commercialization strategy has been relatively discussed independently and not as an element of commercialization. According to Fleming (2005) , value addition is a strategy that can potentially change an enterprise that is unprofitable into a profitable venture. Cassava can be marketed in various forms and the diverse products can enhance market participation, thereby creating more value which further generates more sales (Onya, Oriala, Ejiba & Okoronkuo, 2016) . Potential market opportunities exist for value-added cassava products. Therefore, the purpose of this study is to illuminate the economic importance of cassava production to households by analyzing the determinants of commercialization and the effect of commercialization on household income. The study hypothesizes that farmers who engage in commercialization are likely to earn more and especially for farm households that market high value-added cassava products (Onya et al., 2016; Dipeolo et al., 2001) . Theoretically, commercialization is influenced by the behaviour of farm households in relation to the optimization of choices. The decision on whether to participate or not in commercialization is considered under the framework of utility maximization theory (Pryanishnikov and Katarina, 2016) . Within this framework, commercialization decisions are measured by the gains derived from the choices that farm households make rather than the tangible benefits. These choices simultaneously influence the decision-making behavior of households. Also, economic value can be created when farm households respond to market needs with high value cassava products (Munga et al.,2012) . Therefore, the benefits derived from the two choices (value addition and market participation) are presumed to influence commercialization decisions. This is further influenced by a number of factors.
Factors Influencing Commercialization
Understanding factors that influence commercialization is a way of unlocking constraints impeding the development of cassava sector. Many studies have identified influencers of commercialization (Jaleta et al., 2009; Falkowski, 2012; Martey, Ramatu & Kowornu, 2012; Omiti, Otieno & Nyanamba, 2009 ). Most importantly, limited credit facilities has been recognized as one of the constraints affecting agricultural productivity among smallholder farmers. Lerman (2004) ; Agwu and Ibeabuchi (2011) noted that increasing access to credit facilities could improve commercialization. Also, distance to the market is another significant determinant of cassava commercialization. Stretched distances reduce access to markets (Barrett 2008; Rios et al., 2008; Omiti et al., 2009) . Notably, farm-based associations' influence the level of commercialization since it offers a solution to information asymmetry (Pigatto 2014). Other factors that have been empirically identified to influence commercialization are; gender, availability of land, extension services and market forces.
In identifying factors influencing commercialization, different methods of quantitative analysis have been applied. Agbola, Adenaike & Babalola et al. (2010) used logit and multiple regression models to determine factors influencing farmers' access to output markets and their effects on household income. The study revealed that the cost of transportation, distance to the nearest market, access to market information and social networks influence farmers' access to output markets. Similarly, Ochieng', Knerr, Owuor & Ouma (2015) analyzed factors that influence banana and legumes and their impact on household food security using a propensity score matching model. They observe that gender, farm size, distance to the market, education of the household head and ownership of transport equipment significantly influenced commercialization. Adenegan, Adam & Nwauma, (2013) investigated the influence of gender on agricultural commercialization in Nigeria with regards to resource allocation. The study revealed that farm size, income and level of education in relation to gender influence commercialization.
Literature on Commercialization
Another strand of literature is with regard to the effect of commercialization on improving household livelihoods. Many researchers have confirmed that agricultural commercialization positively influence the livelihoods of most smallholder farmers by improving their household income and asset holdings (Hailua, Manjureb & Aymutc, 2015; Zhou et al., 2013) . In Nigeria, cassava generates the largest income for household farmers (Dipeolo et al., 2001) . A research done in upland Java, Indonesia by Kowagoe (1994) found that there is a high contribution of marketing and processing of agricultural products to rural household income. The study further noted that the processing and marketing of commercial products contribute up to 70 percent of total household labour income in addition to increasing income earning opportunities. A study conducted in Kenya by Mutuku et al. (2013) examined the level of adoption of cassava commercialization in Nakuru County. It revealed that the majority of farm households' market raw cassava which attracts low price value compared to other value-added cassava products. Waswa, Mcharo & Netando, (2009) also studied crop diversification in Nzoia and Mumias sugar belts in Kenya and their contribution towards enhancing household food and income security. The study found that cassava, sweet potatoes and other indigenous vegetables profiled as high-value crops equally have considerable potentials to generate income. From the empirical review, it is evident that cassava commercialization could significantly improve household income and livelihoods of smallholder farmers who are key players in this sub-sector. From literature, we observe that most studies related to cassava commercialization and their economic importance have been mainly conducted in West Africa.
Most studies have contextualized commercialization from a market orientation and participation point of view (Kabiti, Raidini & Pfumayarambi, 2016; Kotchikpa and Wendkouni, 2016; Hailua et al., 2015) . Notably, different studies have measured household welfare using different measurements (Mapfumo, Mushinje & Chidoko, 2012; Mutuku et al., 2013; Chukwuji, Inoni & Ike, 2007) . In this study, we contextualized commercialization as value addition and market participation. Further, the study compares three dimensions of income estimates namely per capita, per year and per acre incomes. The annual income represents total collection for the year while per capita and per acre incomes represents measures of efficient use of resources. The use of the three alternative incomes was necessary to establish whether the different income measurements have unique elements that could lead to variations. Therefore, the study addresses factors influencing cassava commercialization in Kilifi County and the effect of commercialization on household income.
Method

Study Area
The study was conducted in Kilifi County. The County lies along the coastal region of Kenya and it is mapped as ASAL area. The estimated area covered is 15,500 square kilometers. According to the Kenya National Population Census, (2009) the County has a population of 1,134,856 which include both the rural and urban inhabitants. The approximation of rural and urban population is 821,645 and 313,211 persons respectively. Kilifi County has seven administrative sub-counties namely; Kilifi North, Kilifi South, Magarini, Ganze, Rabai, Kaloleni and Malindi. The coastal region experiences an annual temperature ranging between 21 0 C to 30 0 C and an annual rainfall of between 300-1300mm per annum. Importantly, the county has both arable and non-arable land estimated as 6,891 Km 2 and 5,407 Km 2 respectively. This indicates that 56 percent of the land can be utilized for agriculture. Also, majority of the farmers are smallholder farmers who practice mixed farming. Therefore, agriculture is one of the dominant occupations of the people in the region. It is also worth noting that Kilifi is one of the tourist attraction regions because of its coastal location. Despite the prevalent opportunities, poverty levels in the region are high with 68 percent of the population living below the poverty.
Data Collection and Analysis
Data was collected through a household survey which was conducted between May and June 2015. A four-stage sampling technique was employed to sample farmers from Kilifi County. In the first stage, Magarini and Ganze constituencies were purposively selected. This was informed by the high productivity of cassava in the areas. The second stage involved random sampling of two locations from each sub-county and in the third stage five villages were randomly selected from the locations. Finally, systematic samples of ten farm households who had engaged in cassava production were selected. This method was applicable because of the missing sampling frame of farmers who grow cassava in each village. A total of 200 households were sampled for the study. A well-structured questionnaire was used for data collection. Data collection tool was divided into two major sections. The first section contained demographic information while in the second section, a collection of questions on; farmers' household characteristics, land ownership and use, asset ownership, labor distribution, production and value addition aspects of cassava, institutional and marketing factors as well as household income were considered.
Method of Analysis
This study aimed at establishing the effect of cassava commercialization on household income. Household welfare is a multidimensional theory; therefore, we attempt to understand the different dynamics by comparing the different income measurements. World Bank (1998) identified three methods of estimating the household welfare. Hailua et al., (2015) also explored different approaches used to measure household welfare. The study concludes that income can be justifiably used as a unit of measure. Brewer & O'Dea (2017), Tambo & Wunscher (2014) also supported the use of income as a measure of household welfare and recommended per capita income as the most appropriate. In this study, three different income estimates mainly; per capita income, average income per household per year and average income per acre were used. The assumption made is that farmers' decision on commercialization is endogenous to household income and therefore certain unobserved individualities may influence the decision on whether to commercialize or not. We therefore fitted an endogenous switching model. The model accounts for the association between unobserved characteristics in participating in cassava commercialization and improved household welfare through income. As seen earlier, the endogenous model is supported by full information maximum likelihood estimation (FIML) which corrects biasness in the household income estimates. We analyzed the determinants of cassava commercialization in the first stage of endogenous switching regression model. This involved an estimation of the selection equation using the probit model. Diagnostic tests such as multicollinearity and heteroskedasticity tests were performed in evaluating the model. Multicollinearity test was based on variance inflation factor (VIF) while heteroskedasticity test was also performed using the Breuche-Pagan test. The results revealed that there were no cases of multicollinearity and heteroskedasticity. In addition, the diagnostic tests confirmed that the estimated coefficients of the two instrumental variables (group membership and distance to the market) were jointly insignificant (p>0.10) in the income equation. However, the variables were significant in the commercialization equation. This indicated that the instrumental variables were valid. The first stage equation is presented as follows: A represents the net utility derived from cassava commercialization which is unobservable. Measuring the amount of net utility derived from the decision to commercialize is hardly possible. However, one is capable of making an observation on the actual outcome. In this case, the predicted probability obtained from the first stage equation was used in the second stage to obtain estimates of cassava commercialization. The aforementioned instrumental variables were controlled in the joint equation. Three different income estimates were modeled as the dependent variable. The stage-two estimation model is defined as follows:
Where i y 1 and i y 2 represents the household income in regimes 1 and 2 while i 1  and i 2  represents vectors of exogenous variables that are thought to influence income. Additionally, G i =1 and G i =0 denote the commercialized and non-commercialized groups respectively. The model assumes that for endogeneity to be present, there must exist a trivariate normal distribution between the error terms and the zero-mean vector. This is specified in the covariance matrix shown below; (2010) used the model to assess the adoption to climate in response to food security in Ethiopia. Kim, Mayga & Capps (2000) similarly applied the model in assessing the effects of consumer label use on nutrient intake.
Results and Discussion
Descriptive Statistics of Farm Households Characteristics
A number of factors that influence cassava commercialization subsequently affecting household income were empirically identified. The descriptive statistics for the specific variables fitted in the model are as summarized in Table 1 . Distance to market (Km) 0.15 0.32 0.84 0.69 -7.557*** **** denotes statistically significant at 1% Table 1 , 69 % of the farm households engaged in commercialization activities while 31 % did not. Notably, there is a difference in the means for the different income measurements for the two regimes. Farm households that commercialized earned more than the non-commercialized group in all the income indicators. This could be attributed to the significant variations in the sizes of land as well as the acreage under cassava production. We also see slight variations in other variables for the two regimes. However, the variations are not highly significant. Other than the continuous variables, we also fitted five categorical variables in the model. A summary statistic of the variables is presented in Table 2 . Table 2 reveals that gender, access to credit and group membership were statistically significant (P=0.1). It is clear from the table that majority (72.46%) of those who participated in cassava commercialization are female headed households. Traditionally, women are actively involved in small-scale farming as men spend most of their time in off-farm activities to earn extra income (Woldeyohanes, Heckelei & Surry, 2015) . The gender differential has an influence on decision making process on farming activities. The study further shows that the proportion of those who engaged in off-farm activities is 45.65% for the commercialized and 35.48% for those who had not commercialized. It is evidenced that 33.33% of farm households who commercialized received some form of credit facilities while the majority (66.67%) did not. Access to credit facilities is important as it helps link farmers with modern technology thus enhancing their abilities and knowledge in farming activities (Lerman, 2004) . Group membership is equally important since it can be a source of information and technologies that can enhance market opportunities. The results further illustrate that the average of remittance is 42% and 23% for the commercialized and non-commercialized groups respectively. In overall, a small proportion (31.88 %) of farm households received substantial income from remittances. Past studies have revealed that remittance has a mixed effect on commercialization. Quinn (2009) argues that the inflow of remittances to farm households can boost farm inputs and asset purchases. Other studies have also found that remittances negatively contribute towards commercialization as overreliance on it limits undertaking agricultural activities (Woldeyohanes et al., 2015) . The mixed outcome was therefore expected from the study as far as remittance is concerned. This could be supported by the expected utility maximization theory which argues that households make choices that yield the highest expected utility.
As indicated in
Results of Endogenous Switching Model
Determinant of Cassava Commercialization
In this section, we, first present the results on the determinants of cassava commercialization analyzed by estimating the selection equation using the probit model. This is clearly presented in Table 3 . We then discuss positive factors followed by the negative factors that influence commercialization. The econometric results indicate that group membership was positive and only significant for the per acre income model; that is, group membership influenced farm households' that engaged in cassava commercialization activities. As discussed earlier, groups open up opportunities to output markets through collective bargaining for appropriate prices resource mobilization and access to relevant information and technology (Magreta et al., 2010) . In addition, farm households are able to acquire skills through knowledge exchange when they freely interact with members of a similar social network. This finding is supported by the qualitative evidence that was gathered during fieldwork.
Other studies have also recognized the importance of group networks in accelerating agricultural activities (Mwaura, 2014; Olwande & Mathenge 2010) . With respect to off-farm income, we found that the income had a negative and significant influence on cassava commercialization across all the models. This suggests that off-farm activities demand a lot of time and this limits involvement in commercialization activities Also, those who have prioritized commercialization may not have time to undertake off-farm activities and vice versa. Overall, this understanding is in agreement with the finding of Muricho (2015) who reported that off-farm income lowers the incentive to commercialize.
Age of the household head was also found to be negative and significant across all the models. This implies that ageing reduces the likelihood of engaging in commercialization, more so, beyond maturity age (50 years and above). Generally, productivity declines as farmers get older. This reduces active engagement in commercialization activities. This finding is consistent with that of Agbola et al. (2010) who found that as household heads advance in age, they influence households to engage in basic farming activities and spend less time on commercialization activities such as value addition and market participation. The study however, contradicts the findings of Hailua et al. (2015) who found a positive relationship between age and commercialization. They argued that age being a proxy of farming experience, increases commercialization since older household heads have more insights and adequate knowledge that can accelerate market activities.
Distance to the market is a key determinant of commercialization. In this study, distance to the nearest market had a negatively significant influence on cassava commercialization across all the three models. Farmers distanced from market centers are less likely to commercialize. The reason could be that most rural transportation networks are not properly linked to the villages where majority of the farm households populate.
In addition, most of the rural roads are in a poor state and this limits movements. This therefore, increases transaction costs hence lowering the intensity of market participation (Pingali, Khwaja & Meijer, 2005) .
Research has further shown that an increase in transport costs reduces the likelihood of participation in commercialization (Ochieng' et. al., 2015; Omiti, 2009; Barret, 2008) .
Effect of Cassava Commercialization on Household Income
In the second stage of endogenous model, we analyzed the effect of cassava commercialization on household income. We first performed diagnostic tests to determine the robustness of the model. Table 4 shows that the likelihood ratio tests (LR) for the joint independence of the three equations were significant in the two groups. This means that the selection and income equations are jointly dependent hence providing evidence of endogeneity. However, the coefficient for the non-commercialized group was negative for the per capita model further indicating the existence of endogeneity. Though it was expected that all the models would give similar results, the variations can be explained by the fact that there are unique variations in the different income measurements. This further justifies our concern in using the different income measurements. The results also show that the coefficients of variance of the error terms are positive and significant (1.112, 1.092, 1.039) supporting our hypothesis that cassava commercialization affects household income. This suggests that farm households that engaged in commercialization activities had an improved income compared to their counterparts. Coef.
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Education ( With regard to the significant variables, there were mixed outcomes more so in the direction of the coefficients. Value addition experience is positive and significant only in the annual income model for the households that commercialized. This means that an increase in value-addition experience of a household head is associated with improved household income. We argue that since annual income is recorded over a year period, it is a function of time. It is possible that over a period, a farmer can gain experience that may affect farm productivity as well as market choices. The finding is consistent with that of Kehinde & Aboaba (2016) who found that value addition techniques enhanced through training and experience can promote efficiencies and diversification thereby increasing household income. This finding is in accord with other studies which have noted that experience enables farmers to engage in agricultural commercialization (Parveen et al., 2014; Agwu, 2012) . In the case of other sources of income, off-farm income has a positive and significant influence on the different income measurements in all the models. The results indicate that farm households who undertake off-farm activities have higher household income than those who do not. However, we find that for the non-commercialized group, the sizes of the coefficients are larger than for their counterparts. This could mean that such households have concentrated their energy and resources on off-farm activities unlike farm households who had commercialized. Table 4 shows that the coefficients for off-farm income are different in magnitude. For annual income, the coefficients are larger than the ones for per capita and acre. We argue that annual income has a higher value because the per capita and per acre incomes are computed averages. The incomes are explained by the same independent variable of which variations are expected. Concerning remittance, the results show a positive and significant influence on the different income measurements only for the non-commercialized households. This suggests that household income is higher for those who received remittances but did not commercialize than those who received remittances and did commercialize. This is in agreement with the findings of Xing (2015) who opines that remittance has a direct influence on household income. According to Leones & Feldman (1998) , remittance is also recognized as a resource diversification strategy and it relaxes the constraint on household income amongst smallholder farmers. The insignificance of remittance amongst the commercialized group makes sense since those who are involved in commercialization activities are not highly dependent on remittances because they also earn significant income from cassava commercialization.
We then discuss variables that negatively influenced household income. Household size negatively and significantly influenced household per capita income for the farm households that commercialized. The negative relationship indicates that farmers with larger household size have less household per capita income. This result is inconsistent with the finding of Effiong (2005) who stated that large households can enhance the availability of farm labour hence lowering the cost of production. A household that is composed of mature working adults will have better household income than a farm household composed of young, uneconomically and unproductive children (Bongaarts, 2001) . Farm size, on the other hand, has mixed outcomes for the different income measurements. It is positive and significantly related to the annual income model for the commercialized group. However, it has a negative relationship with the income per acre model for the commercialized and non-commercialized groups. The positive coefficient of farm size variable in the annual income model supports the view that large farm size is an incentive to production of marketed surplus. This can significantly accelerate commercialization. In addition, smallholder farmers with large farm sizes can improve their household income through a varied portfolio of activities (Adams, 2002) . The negative coefficient in the income per acre model suggests that farmers with large acreage earn less average income per acre than those who have small acreage. It can be further argued that most smallholder farmers operate on a low scale and they may not have adequate resources required to manage large parcels of land efficiently. Hence, farmers with small acreage of land are likely to fully optimize the available resources resulting in higher income per acre.
Conclusion
This study underscores the role of cassava commercialization on household income in Kilifi County, Kenya. This is one of the counties that has received initiatives from different organizations to stimulate the growth of cassava sub-sector and promote commercialization. The initiatives have been envisioned to improve household welfare. This study contributes to this argument by estimating the effect of cassava commercialization on different income estimates. Two concepts namely; value addition and market participation were considered in defining commercialization since agricultural commercialization takes various forms. Additionally, three different household income measurements were compared in this study. They include; per capita, per acre and annual incomes. A two-stage endogenous regression model was fitted. The first stage involved the identification of determinants of cassava commercialization. In the second stage we tested the effect of commercialization on household income. The study finds that farm households that engage in commercialization typically enjoy improved household income unlike their counterparts. This reveals that farmers who commercialize are better off than those who do not commercialize in terms of income. The finding is consistent with other studies that have addressed the effect of agricultural commercialization on household income (Hailua et al., 2015 and Dipeleo et al.,2001) . The results reveal that off-farm income, age and distance to the market have a negative influence on commercialization in the two models. The effect of farm size varies in the two regimes. However, off-farm income is significant across the groups even though the coefficients for the non-commercialized group are greater than for their counterparts. Remittances was significantly positive for the non-commercialized group further indicating that the non-commercialized households rely on remittance and off-farm income predominantly. Household size was also found to negatively influence household income for the commercialized group. Household size intuitively is likely to directly affect the marketable surplus of a cassava crop. No major observations are made on the variation of the variables across the different income estimates. It is noted that the coefficients for annual income is greater than per acre and per capita measurements. It is also argued that annual income is measured over a period unlike the other incomes that are averages hence the difference is expected.
The study recommends that farmers should market high value cassava products to increase the economic opportunities of cassava commercialization. The County government should offer support mechanisms that can enhance market competitiveness through cassava commercialization. These include, improving infrastructure especially road networks to facilitate easy access to markets, training farmers on the importance of collective actions through extension services. Finally, we recommend that a comprehensive study to be undertaken to determine the extent to which off-farm activities affect cassava commercialization.
